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CATALYST FOR DIMETHYL ETHER SYNTHESIS AND ITS PREPARATION 
METHODS 



BACKGROUND OF INVENTION 

5 

Field of Invention 

This invention relates to a catalyst for the synthesis of dimethyl ether and its 
preparation methods. More specifically, this invention relates to a catalyst with 
improved formulation for highly efficient synthesis of dimethyl ether via 

10 dehydration of methanol composed of hydrophobic zeolites, cations selected from 
alkali metal, alkaline earth metal, or ammonium along with alumina, silica, or silica- 
alumina, and methods of manufacturing the catalyst, which include (a)combining 
hydrophobic zeolites and precursors of alkali or alkaline earth metal cations with 
pastes of inorganic binders (at least one selected from the group consisting of 

15 bohemites, silica sol, and clay) and calcining the mixture at high temperature; 
(b)combining particles, which are obtained by calcining the hydrophobic zeolites 
impregnated with precursors of alkali or alkaline earth metal cations, with pastes of 
inorganic binders (at least one selected from bohemites, silica sol, and clay) and 
calcining the mixture at high temperature; (c)combining hydrophobic zeolites with 

20 pastes of inorganic binders (at least one selected from the group consisting of 
bohemites, silica sol, and clay), calcining the mixture at high temperature, 
impregnating the calcined product with precursors of ammonium cations and 
calcining the mixture at high temperature. 

25 Description of Related Art 

Dimethyl ether, one of essential basic chemicals in the chemical industry, has 
high potentials as an aerosol propellant and as a clean fuel. Currently, the potential 
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of dimethyl ether as a clean alternative fuel for internal combustion has been much 
increased and thus it is in urgent need to develop a more economical process for its 
manufacture. 

There are two general methods of manufacturing dimethyl ether as follows. 
5 The first method relates to a direct synthesis of dimethyl ether from hydrogen 

and carbon oxides as delineated in the following equation. 
[Equation 1] 

C0 2 + 3H 2 -> CH3OH + H2O (1) 
CO + 2H2 -» CH3OH (2) 
10 2CH3OH -> CH 3 OCH 3 +H 2 0 (3) 

CO + H 2 0 -> CO2 + H2 (4) 

The manufacturing method of dimethyl ether directly from a gaseous mixture 
of H2/CO/C0 2 using methanol catalysts and dehydration catalysts in fixed bed 
15 reactors are described in East German Pat. No. 291,937, U.S. Pat. No. 5,254,596, etc. 
Catalysts for methanol synthesis that can be used in the above Equation 1 include 
ZnO/Ab03 and CuO/ZnC7Al 2 C>3, and zeolites can be used as a dehydrating 
catalyst (U.S. Pat. No. 4,536,485, Korean Pat. No. 228,748). 

The second method involves dehydration of methanol as delineated in the 
20 Equation 2. 

[Equation 2] 

2CH 3 OH -> CH3OCH3 + H2O 

The synthesis of dimethyl ether via dehydration of methanol as described in 
25 the Equation 2 is achieved at 250 - 450 °C using a solid catalyst. Gamma-alumina 
(Japanese Laid-Open Pat. Appl. No. 1984-16845) and silica-alumina (Japanese Laid- 
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Open Pat. Appl. No. 1984-42333) are ordinarily used as solid catalysts in a synthesis 
of dimethyl ether. 

The conversion of methanol into dimethyl ether is carried out using an acid 
catalyst. The activity and selectivity of a catalyst vary depending on the acidity of 
5 an acid catalyst because the conversion of methanol into dimethyl ether is an 
intermediate step in hydrocarbon synthesis. 

For instance, in the presence of a catalyst bearing mainly strong acid sites, 
methanol, after it is converted into dimethyl ether, is proceeded further to generate 
hydrocarbons as side products. On the other hand, in the presence of a catalyst 
10 bearing mainly weak acid sites, the activity of the catalyst becomes low and thus 
results in insufficient conversion of methanol into dimethyl ether. 

The use of a hydrophobic zeolite such as USY, Mordenite, ZSM family, Beta, 
and others in dehydration reaction of methanol shows a stronger catalytic activity 
than the use of gamma-alumina at low temperature. However, the strong acidity of 
15 such zeolites produce hydrocarbons and cokes as side products during the 
conversion of methanol into dimethyl ether thereby reducing selectivity. According 
to the results of the present inventors, conventional H-USY, H-ZSM-5, and H-Beta 
zeolites are too acidic they produce hydrocarbons as by-products such as methane, 
ethane, and propane. Further, the hydrocarbon by-products are low molecular 
20 weight alkanes with little value 

and also lead to the deactivation of catalysts via coking. 

A method for synthesizing dimethyl ether using crude methanol containing 
5-50 mole% water in order to inhibit hydrocarbon production by hydrophobic 
zeolites has been disclosed by the present inventors (Korean Pat. Appl. No. 2004- 
25 51032; U.S. Pat. No. 6,740,783). 

Summary of Invention 
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The inventors of this invention have kept working on the development of 
catalysts for dimethyl ether synthesis via dehydration of methanol having high 
catalytic activity at lower temperatures and not producing hydrocarbons as by- 
products. 

5 As a result, they found that prolonged catalytic activity can be achieved 

without deactivation of the catalyst if methanol dehydration is performed in the 
presence of a catalyst comprising: hydrophobic zeolite; cations selected from the 
group consisting of alkali metal, alkaline earth metal, and ammonium; and any one 
selected from alumina, silica, and silica-alumina due to a relatively high catalytic 

10 activity without generating hydrocarbon by-products. Further, the inventors found 
that use of the above catalyst can eliminate too strong acid sites of the catalyst due to 
the cations selected from alkali metal, alkaline earth metal, and ammonium. 
Furthermore, alumina, silica, or silica-alumina can serve as a binder for catalyst- 
forming as well as a diluent to prevent local increase in temperature within a 

15 catalyst particle due to hotspot resulted from exothermic reaction processes thus 
preventing the generation of hydrocarbon by-products while showing an improved 
yield of dimethyl ether from methanol. 

Therefore, this invention relates to a catalyst that provides high yield of 
dimethyl ether via dehydration reaction of methanol and the manufacturing 

20 methods of the catalyst. 

Detailed Description of Invention 

This invention relates to a catalyst used in high yield synthetic process of 
dimethyl ether via dehydration of methanol comprising (a) hydrophobic zeolite; (b) 
25 cations selected from the group consisting of alkali metal, alkaline earth metal, and 
ammonium; and (c) alumina, silica, or silica-alumina. 
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In addition, this invention also comprises the manufacturing processes of the 
catalyst for the synthesis of dimethyl ether via dehydration of methanol. 

Following is a more detailed explanation of this invention. 

The catalyst in this invention is a hydrophobic zeolite with its H + cations 
5 partially and adequately replaced with cations selected from the group consisting of 
alkali metal, alkaline earth metal, and ammonium that eliminate its strong acid sites. 
This allows a significant improvement in selectivity for dimethyl ether due to 
maximal inhibition of side reactions that result in the formation of hydrocarbons and 
cokes. 

10 Further, the formation of hot spots within catalytic particles due to local 

temperature increases during a dehydration process of methanol is blocked because 
the alumina, silica, or silica-alumina used in this invention acts as diluents. This 
allows a maximal inhibition of hydrocarbon side products by preventing local 
temperature increases thus significantly improving the selectivity for dimethyl ether. 

15 Thus, catalysts of this invention allow a highly efficient production of 

dimethyl ether because they maintain high catalytic activities for prolonged periods 
without deactivation during a dehydration reaction of methanol. 

The catalysts in this invention are composed of (a) hydrophobic zeolite USY, 
Mordenite, ZSM family, Beta; (b) specific cations that eliminate aforementioned 

20 strong acid sites of zeolites; and (c) alumina, silica, or silica-alumina that acts as a 
diluent for inhibiting local temperature increases within catalyst as well as a binder 
for catalyst-forming. 

The Na + exchanged Na-type zeolites (Na-ZSM-5, Na-Beta, Na-Mordenite, 
etc.) and H + exchanged H-type zeolites (H-ZSM-5, H-Beta, H-Mordenite, etc.) are 

25 generally used. However, according to studies by the present inventors, the Na- 
type zeolites are not efficient in the present reaction because of their weak acidic 
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properties. And, H-type zeolites produce hydrocarbon side products due to their 
strong acidic properties. 

Therefore, the acidities of hydrophobic zeolites of this invention were 
properly adjusted to maintain maximal acidity for the production of dimethyl ether 
5 by adding selective cations within 20 - 90 mole% range with respect to the H + ions. 
That is, the strong acidic properties of H-type zeolites are adjusted by adding 
sufficient amounts of Na, Mg, or ammonium to convert them into NaH, MgH, and 
NIHLiH-type zeolites. 

This invention uses at least one inorganic binder selected from the group 
10 consisting of boehmite, silica sol, and clay to dilute the hydrophobic zeolites within a 
catalyst resulting in inhibition of production of hydrocarbons or cokes caused by hot 
spots formed by the exothermic reaction on strongly acidic hydrophobic zeolites. 
The boehmite, silica sol, and clay are converted respectively into alumina, silica, and 
silica-alumina. Especially, boehmite, silica sol, and clay have the advantage of 
1 5 functioning as binders allowing an easy forming of a catalyst, which is needed when 
using a catalyst in a fixed bed reactor. An inorganic binder selected from the group 
consisting of alumina, silica, and silica-alumina for the aforementioned objective of 
this invention should be in the range of 1 : 0.1 - 50 wt ratio based on the zeolite 
impregnated with cations. 
20 As a result, an application of a catalyst of this invention to the dehydration 

reaction of methanol allowed to obtain much higher yield of dimethyl ether than the 
ordinary processes, in spite of not giving formation of hydrocarbon by-product or 
the deactivation of the catalyst. 

Following is the manufacturing process of the aforementioned catalysts for 
25 dimethyl ether production. 

The hydrophobic zeolites used in the production of the catalyst of this 
invention include but are not limited to ordinary ones used in this field such as USY, 
6 



Mordenite, ZSM type, Beta, etc., where the SiCVAhCb ratio is in the range of 20 - 
200. A precursor material containing cations selected from the group consisting of 
alkali metal, alkaline earth metal, and ammonium used to adjust the strong acidity 
of a hydrophobic zeolite is added as a salt such as a nitrate or a carbonate or as a 
5 hydroxide to the zeolite using a conventional impregnation method. Further, the 
catalyst of this invention can be formed into granules, extrudates, tablets, balls, or 
pellets, with the forming being done according to conventional methods. 

The manufacturing process for the catalysts of this invention can be divided 
into following three manufacturing methods according to the type of cation used to 
10 adjust the strong acidity of a zeolite sample. 

The first method of manufacturing the catalyst for dimethyl ether production 
according to this invention comprises: 

(i) adding an acidic aqueous solution or water to at least one type of inorganic 
binder selected from the group consisting of boehmite, silica sol, and clay to obtain a 
15 paste; 

(ii) extrusion of the aforementioned paste to form a shape after adding 
hydrophobic zeolite particles and alkali or alkaline earth metal salts or hydroxides to 
it; and 

(□) drying the formed material, and calcining it at 500 - 800 °C . 
20 The second method of manufacturing the catalyst for dimethyl ether 

production according to this invention comprises: 

(i) impregnating an alkali or alkaline earth metal salt or a hydroxide into a 
hydrophobic zeolite and drying it, followed by calcining it at 400 - 800 °C to obtain 
solid particles; 

25 (ii) adding an acidic aqueous solution or water to at least one type of 

inorganic binder selected from the group consisting of boehmite, silica sol, and clay 
to obtain a paste; 



(iii) extrusion of the above-mentioned solid particles mixed with the paste to 
form a shape; and 

( iv) drying the formed material and calcining it at 500 - 800 °C . 

The third method of manufacturing the catalyst for dimethyl ether production 
5 according to this invention comprises: 

(i) adding an acidic aqueous solution or water to at least one type of inorganic 
binder selected from the group consisting of boehmite, silica sol, and clay to obtain a 
paste; 

( ii ) extrusion of this paste after adding hydrophobic zeolite particles to form 
10 a shape; and 

(iii) drying this formed material and caldning it at 500 - 800 °C; 
(□) impregnating an aqueous ammonium hydroxide or ammonium salt 
solution into the formed material mentioned above; and 

(v) calcining the above impregnated material at 300 - 400 °C . 

15 The first and second manufacturing processes stated above relate to 

manufacturing of a catalyst by impregnating cations of alkali or alkaline earth metals 
into zeolite, and the third manufacturing process relates to manufacturing of a 
catalyst by impregnating ammonium cations into a zeolite. 

In the catalyst manufacturing processes stated above, an aqueous acid 

20 solution or water is added to at least one of inorganic binders selected from the 
group consisting of boehmite, silica sol, and clay to obtain a paste. The aqueous 
acid solution used can be nitric acid, acetic acid, or phosphoric acid. Although 
sufficient catalyst binding effect can be obtained by using at least one inorganic 
binder selected from the group consisting of boehmite, silica sol, and clay for the 

25 manufacturing of a catalyst of this invention, polyvinyl alcohol, carboxymethyl 
cellulose, and other traditional organic binders can be used as a supplementary 
binder or a pore promoter, upon necessity. 



These organic binders as supplemental binders can be used in the range of 0 - 
30 wt% of at least one used binder selected from the group consisting of boehmite, 
silica sol, and clay. These supplemental binders can be added to inorganic binders 
during the paste manufacturing process, and they can be also added to an inorganic 
5 binder paste and zeolite and /or cations such as an alkali metal precursor mixture. 

Further, the calcining performed during the catalyst manufacturing process 
of this invention is a necessary step to establish sufficient infiltration into the zeolite 
structure of the cation precursors, and the catalysts sought for in this invention can 
only be obtained when the aforementioned temperature range is maintained. 

10 On the other hand, the following is the general manufacturing method for 

dimethyl ether via dehydration of methanol on a catalyst obtained via a 
manufacturing process described above. 

After packing a reactor with the catalyst, the catalyst is pretreated before 
methanol dehydration by passing an inert gas such as nitrogen at a rate of 20 - 100 

15 mL/g catalyst/min at 100 - 350 °C. Methanol is added to the reactor with the 
pretreated catalyst. The reaction temperature is maintained at 150 - 350 °C . If the 
reaction temperature is below 150 °C, the reaction speed becomes insufficient thus 
resulting in low conversion. If the reaction temperature is above 350 °C, the 
formation of dimethyl ether becomes thermodynamically unfavorable thus resulting 

20 in low conversion. 

The reaction pressure is maintained at 1 - 100 atmosphere, and a pressure 
over 100 atmosphere is inappropriate because it causes a problem in the reaction. 
And, it is preferable that the liquid hourly space velocity (LHSV) for a methanol 
dehydration reaction be within 0.05 - 100 h 1 based on methanol. 

25 The productivity becomes too low if the LHSV is below 0.05 h" 1 , and the 

conversion rate becomes too low when the LHSV is above 100 lr 1 because the contact 
time with the catalyst decreases. 



A fixed bed reactor for the gaseous phase, a fluidized bed reactor, or a liquid 
phase slurry reactor can be used as a reactor with an equal effect. 

As mentioned above, hydrophobic zeolite with adjusted acidity is used as a 
catalyst in this invention without deactivation of the catalyst during the dehydration 
5 of methanol, without production of hydrocarbon by-products, and with a high 
production yield of dimethyl ether. 

This invention is explained in more detail based on the following Examples, 
but they should not be construed as limiting the scope of this invention. 

10 Example 1 

H-ZSM-5 (SiCk/AbCfe = 40) zeolite was impregnated with aqueous sodium 
nitrate containing Na + equivalent to 40 mole% of H + in the zeolite, dried for 12 hours 
at 120 °C, then calcined for 6 hours at 600 °C to obtain a Na-H-ZSM-5. A paste was 
prepared by adding 2.5% nitric acid (nitric acid solution /zeolite wt. ratio = 0.8) to 

15 boehmite (boehmite / zeolite wt. ratio = 1). To this paste, the above NaH type 
zeolite particles and water (water / zeolite wt. ratio = 0.5) were added and extruded. 
It was dried at 120 °C for 12 hours and calcined at 600 °C for 6 hours to obtain a 
catalyst. The boehmite ingredient in the catalyst is converted into gamma-alumina 
during the calcination at 600 °C for 6 hours. 

20 2.5 mL of this catalyst was transferred to a fixed bed reactor. Nitrogen gas 

was passed over this at a rate of 50 mL/min, and the reactor temperature was 
maintained at 270 °C . Methanol was passed through the catalytic bed at a LHSV of 
25 h 1 , and the reactor was maintained under 10 arm and at 270 °C . The results are 
shown in Table 1. 

25 

Example 2 
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To H-ZSM-5 (S1O2/AI2O3 = 40) zeolite, aqueous sodium nitrate containing 
Na + equivalent to 50 mole% of H + in the zeolite was added. This mixture was 
combined with a paste prepared by mixing of 2.5% aqueous nitric acid (nitric acid 
solution /zeolite wt. ratio = 0.8) and boehmite (boehmite / zeolite wt. ratio = 1). To 
this mixture paste, water (water / zeolite wt. ratio = 0.5) was added and mixed well. 
It was extruded, dried at 120 °C for 12 hours and calcined at 600 °C for 6 hours to 
obtain a catalyst. 

Then, a dehydration reaction of methanol was performed under the same 
reaction condition as in Example 1 . The results are shown in Table 1 . 

Example 3 

H-Beta (SiC^/AhOa = 25) zeolite was impregnated with aqueous potassium 
nitrate containing K + equivalent to 60 mole% of H + in the zeolite, dried for 12 hours 
at 120 "C, then calcined for 6 hours at 500 °C to obtain a K-H-Beta. A paste was 
prepared by adding 2.5% nitric acid (nitric acid solution /zeolite wt. ratio = 0.8) to 
boehmite (boehmite / zeolite wt. ratio = 1). To this paste, the above KH type 
zeolite particles and water (water / zeolite wt. ratio = 0.5) were added and extruded. 
It was dried at 120 °C for 12 hours and calcined at 550 °C for 6 hours to obtain a 
catalyst. 

Then, a dehydration reaction of methanol was performed under same 
reaction condition as in Example 1. The results are shown in Table 1 . 

Example 4 

To H-Mordenite (Si02/Ah03 = 35) zeolite, aqueous calcium nitrate containing 
Ca 2+ equivalent to 40 eq.% of H + in the zeolite (Ca 2+ / H + mole ratio = 0.2) was added. 
This mixture was combined with a paste prepared by mixing 2.5% aqueous nitric 
acid (nitric acid solution /zeolite wt. ratio = 0.8) and boehmite (boehmite / zeolite 



wt. ratio = 1). To this mixture paste, water (water / zeolite wt. ratio = 0.5) was added 
and mixed well. It was extruded, dried at 120 °C for 12 hours, and calcined at 
550 °C for 6 hours to obtain a catalyst. 

Then, a dehydration reaction of methanol was performed under same 
5 reaction condition as in Example 1 . The results are shown in Table 1 . 

Example 5 

H-ZSM-5 (Si02/Ab03 = 40) zeolite was impregnated with aqueous sodium 
nitrate and magnesium nitrate containing Na + and Mg 2+ equivalent to 20 mole% and 

10 30 eq.% of H + , respectively, in the zeolite (Mg 2+ / H + mole ratio = 0.15), dried for 12 
hours at 120 °C, then calcined for 12 hours at 550 °C to obtain a Na-Mg-H-ZSM-5. A 
paste was prepared by adding 2.5% nitric acid (nitric acid solution /zeolite wt. ratio 
= 1.2) to boehmite (boehmite / zeolite wt. ratio = 1.5). To this paste, the above 
NaMgH type zeolite particles and water (water / zeolite wt. ratio = 0.5) were added 

15 and extruded. It was dried at 120 °C for 12 hours and calcined at 550 °C for 12 
hours to obtain a catalyst. 

Then, a dehydration reaction of methanol was performed under the same 
reaction condition as in Example 1 . The results are shown in Table 1 . 

20 Example 6 

A catalyst was prepared and a dehydration reaction of methanol was done 
using the same method as in Example 1, except for the reaction temperature which 
was changed to 250 °C . The results are shown in Table 1 . 

25 Example 7 
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A catalyst was prepared and a dehydration reaction of methanol was 
performed using the same method as in Example 1, except for the LHSV of the 
reaction which was maintained at 30 h _1 . The results are shown in Table 1 . 



5 Example 8 

A catalyst was prepared and a dehydration reaction of methanol was done 
using the same method as in Example 1, except for the LHSV for the reaction which 
was maintained at 30 Ir 1 and the reaction temperature which was maintained at 
250 °C . The results are shown in Table 1. 

10 

Example 9 

To H-ZSM-5 (Si0 2 /Al 2 03 = 40) zeolite, boehmite (boehmite / zeolite wt. ratio 
= 1) was added, followed by the addition of 2.5% aqueous nitric acid (nitric acid 
solution /zeolite wt. ratio = 0.8) and water (water / zeolite wt. ratio = 0.5) to obtain a 
15 paste which was then extruded, dried at 120 °C for 12 hours, and calcined at 550 °C 
for 12 hours. To the extrudates thus obtained, 6% aqueous ammonium hydroxide 
solution (ammonium hydroxide solution / extrudate wt. ratio = 0.8) was added, 
dried at 120 °C for 12 hours and calcined at 350 °C for 2 hours to obtain finally a 
catalyst. 

20 Then, a dehydration reaction of methanol was performed under the same 

reaction condition as in Example 1 . The results are shown in Table 1 . 

Comparative Example 1 

H-ZSM-5 (SiCb/AkCb = 40) zeolite was mixed with boehmite (boehmite / 
25 zeolite wt. ratio = 1). To this, 2.5% aqueous nitric acid (nitric acid solution / zeolite 
wt. ratio = 0.8) and water (water /zeolite wt. ratio = 0.5) were added to obtain a 
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paste. The paste was extruded, dried at 120 °C for 12 hours, and calcined at 600 °C 
for 6 hours to obtain a catalyst. 

A dehydration reaction of methanol was done using the same method as in 
Example 1 . The results are shown in Table 1 . 

5 

Comparative Example 2 

H-ZSM-5 (SiCh/AhCb = 40) zeolite was impregnated with aqueous sodium 
nitrate solution containing Na + equivalent to 10 mole% of H + , dried at 120 °C for 12 
hours, and calcined at 600 °C for 6 hours to obtain a Na-H-ZSM-5. A paste was 
10 prepared by adding 2.5% nitric acid (nitric acid solution /zeolite wt. ratio = 0.8) to 
boehmite (boehmite / zeolite wt. ratio = 1). To this paste, the above NaH type 
zeolite particles and water (water / zeolite wt. ratio = 0.5) were added and extruded. 
It was dried at 120 °C for 12 hours and calcined at 600 °C for 6 hours to obtain a 
catalyst. 

15 A dehydration reaction of methanol was done using the same method as in 

Example 1 . The results are shown in Table 1 . 

Comparative Example 3 

Na-ZSM-5 (SiCh/AkCb = 40) zeolite was mixed with boehmite (boehmite / 
20 zeolite wt. ratio = 1). To this, 2.5% aqueous nitric acid (nitric acid solution / zeolite 
wt. ratio = 0.8) and water (water /zeolite wt. ratio = 0.5) were added to obtain a 
paste. This paste was extruded, dried at 120 °C for 12 hours, and calcined at 600 °C 
for 6 hours to obtain a catalyst. 

A dehydration reaction of methanol was done using the same method as in 
25 Example 1 . The results are shown in Table 1 . 
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The zeolites, binders and their weight ratios used in catalyst synthesis 
according to Examples 1-9 and Comparative Examples 1 - 3 as well as the results of 
the methanol dehydration reaction conducted using the catalysts manufactured 
thereof are shown in Table 1. 
5 [Table 1] 



Classification 


Catalyst 


Yield (%) 


Zeolite 


Binder (weight ratio*) 


Dimethyl ethei 


Hydrocarbon 


Example 1 


Na-H-ZSM-5 


Alumina (1) 


88.5 


0.0 


Example 2 


Na-H-ZSM-5 


Alumina (1) 


87.9 


0.0 


Example 3 


K-H-Beta 


Alumina (1) 


75.3 


0.0 


Example 4 


Ca-H-Mordenite 


Alumina (1) 


78.1 


0.0 


Example 5 


Na-Mg-H-ZSM-5 


Alumina (1.5) 


88.4 


0.0 


Example 6 


Na-H-ZSM-5 


Alumina (1) 


89.2 


0.0 


Example 7 


Na-H-ZSM-5 


Alumina (1) 


83.7 


0.0 


Example 8 


Na-H-ZSM-5 


Alumina (1) 


81.7 


0.0 


Example 9 


NHrH-ZSM-5 


Alumina (1) 


88.2 


0.0 


Comparative 
Example 1 


H-ZSM-5 


Alumina (1) 


22.0 


78.0 


Comparative 
Example 2 


Na-H-ZSM-5 


Alumina (1) 


41.3 


58.7 


Comparative 
Example 3 


Na-ZSM-5 


Alumina (1) 


27.0 


0.0 



*weight ratio: the amount of a binder used per lweight part of zeolite 

As shown in Table 1, the dehydration reactions of methanol using the 
catalysts manufactured in Examples 1 through 9 show very high yields of dimethyl 
ether and no hydrocarbon by-product is obtained. 
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On the other hand, the use of the catalyst obtained by mixing boehmite and 
H-ZSM-5 not impregnated with alkali metal, alkaline earth metal, or ammonium 
cations (Comparative Example 1), showed a poor selectivity with 22% yield of 
dimethyl ether along with a high yield of hydrocarbon (78%). 
5 The catalyst with a small amount of sodium cation corresponding to 10 

mole% with respect to the proton in zeolite (Comparative Example 2) also showed a 
low selectivity with a low yield of dimethyl ether (41.3%) with a significant 
production of hydrocarbon (58.7%). 

The hydrocarbon side products of the Comparative Example 1 and 2 are of 
10 low molecular weights with low value and not desirable because they result in 
carbon deposition causing the deactivation of the catalyst. 

For the catalyst obtained by mixing Na-ZSM-5 and boehmite (Comparative 
Example 3), the reaction yield of dimethyl ether was low at 27%. This results 
because zeolite itself does not show activity due to the very weak acidity of Na- 
15 ZSM-5, but the boehmite, which is mixed as a binder, is converted into gamma- 
alumina, and this form is somewhat active. 

Reference Example 1 

Mixtures of known catalysts for methanol synthesis CuO/ZnO/C^Os/AhOs 
20 (50/43/2/5 wt%) and the catalyst of Example 1 of this invention were used as a 
mixed catalyst for the synthesis of dimethyl ether from a mixture of hydrogen gas 
and carbon oxides. 

The known catalyst for methanol synthesis and the catalyst of Example 1 
were mixed in 1:1 wt. ratio, and a gas mixture of CO (4%), CO2 (22.3%), and H2 
25 (73.7%) was used as a starting material. The dimethyl ether synthesis reaction was 
performed under the reaction temperature of 250 °C, reaction pressure of 30 atm, and 
space velocity of 1500 ml/gh. The production of hydrocarbon was not observed, 



dimethyl ether was obtained in 24% yield, and the yield did not decrease for 150 
hours. 

Reference Example 2 

5 A mixture of the known catalyst for methanol synthesis 

CuO/ZnO/Cr 2 03/Al 2 03 (50/43/2/5 wt%) and the catalyst of Comparative Example 
1 of this invention were used as a mixed catalyst for the synthesis of dimethyl ether 
from a mixture of hydrogen gas and carbon oxides. And, dimethyl ether was 
synthesized using the same method as in above Reference Example 1. A mixture of 

10 1% hydrocarbon and 23% dimethyl ether was obtained as the product. The 
production of dimethyl ether decreased with time resulting in 3% reduction of 
dimethyl ether yield after 150 hours because of the deactivation of the catalyst due to 
hydrocarbon production. 

Therefore, the use of the catalyst of this invention along with the known 

15 catalysts for the methanol synthesis results in a relatively higher yield of dimethyl 
ether without any formation of hydrocarbon by-products. 

Industrial Applicability 

As mentioned above, the acidity of zeolite is adjusted by incorporating 
20 cations selected from the group consisting of alkali metal, alkaline earth metal, and 
ammonium into hydrophobic zeolite. And, alumina, silica, and silica-alumina are 
used as binders as well as diluents to prevent local temperature increases due to hot 
spots during exothermic dehydration reaction in order to prevent the formation of 
hydrocarbon and carbon side products. Thus, an increased production yield of 
25 dimethyl ether is obtained due to the high catalytic activity without the hydrocarbon 
by-product formation when dimethyl ether is synthesized from methanol or gas 
mixtures. 
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CLAIMS 

What is claimed is: 

1. A catalyst for dimethyl ether synthesis via dehydration reaction of methanol 
comprising: 

5 (a) hydrophobic zeolite with proton; 

(b) cations selected from the group consisting of alkali metal, alkaline earth 
metal, and ammonium; and 

(c) inorganic binders selected from the group consisting of alumina, silica, 
and silica-alumina. 

10 

2. The catalyst for dimethyl ether synthesis according to claim 1, wherein the 
Si02/Ab03 ratio of said hydrophobic zeolite is between 20 and 200. 

3. The catalyst for dimethyl ether synthesis according to claim 1, wherein said 
15 cations are impregnated in the range of from 20 to 90 mole% with respect to proton 

of the hydrophobic zeolite. 

4. The catalyst for dimethyl ether synthesis according to claim 1, wherein said 
inorganic binders are contained in the range of from 0.5 to 50 wt. ratio with respect 

20 to the zeolite impregnated with cations selected from the group consisting of alkali 
metal, alkaline earth metal, and ammonium. 

5. The catalyst for dimethyl ether synthesis according to claim 1, wherein said 
catalyst is prepared in the form of granules, extrudates, tablets, balls, and pellets. 

25 

6. A method for manufacturing a catalyst for dimethyl ether synthesis comprising, 
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(i) adding an aqueous acidic solution or water to at least one inorganic 
binder selected from the group consisting of boehmite, silica sol, and clay in order to 
convert the mixture into pastes; 

(ii) extrusion of said pastes to form a shape after mixing them with 
5 hydrophobic zeolite particles and salts or hydroxides of alkali metal or alkaline earth 

metal; and 

(iii) drying said formed product and calcining it at 500 - 800 °C . 

7. The method for manufacturing a catalyst according to claim 6, wherein said 
10 aqueous acidic solution is at least one aqueous acidic solution selected from the 

group consisting of nitric acid, acetic acid, and phosphoric acid. 

8. The method for manufacturing a catalyst according to claim 6, wherein an organic 
binder selected from polyvinyl alcohol and carboxymethyl cellulose is further added 

1 5 during the step of said ( i ) or ( i i ). 

9. The method for manufacturing a catalyst according to claim 6, wherein said salts 
of alkali metal or alkaline earth metal are nitrate or carbonate salts. 

20 10. A method for manufacturing a catalyst for the synthesis of dimethyl ether 
comprising, 

(i) impregnating salts or hydroxides of alkali metal or alkaline earth metal 
into hydrophobic zeolite, drying the resultant and calcining it at 400 - 800 °C to 
obtain solid particles; 

25 (ii) adding an aqueous acidic solution or water to at least one inorganic 

binder selected from the group consisting of boehmite, silica sol, and clay in order to 
convert the mixture into pastes; 
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(iii) extrusion of said solid particles and pastes to form a shape; and 

( iv) drying said formed product and calcining it at 500 - 800 °C . 

11. The method for manufacturing a catalyst according to claim 10, wherein said 
5 aqueous acidic solution is at least one aqueous acidic solution selected from the 

group consisting of nitric acid, acetic acid, and phosphoric acid. 

12. The method for manufacturing a catalyst according to claim 10, wherein an 
organic binders selected from polyvinyl alcohol and carboxymethyl cellulose is 

10 further added in the step of said ( i ) or (□). 

13. The method for manufacturing a catalyst according to claim 10, wherein said 
alkali metal or alkaline earth metal salts are nitrate or carbonate salts. 

15 14. A method for manufacturing a catalyst for the synthesis of dimethyl ether, 
wherein 

(i) adding an aqueous acid solution or water to at least one inorganic binder 
selected from the group consisting of boehmite, silica sol, and clay in order to 
convert the mixture into pastes; 
20 ( ii ) extrusion of the mixture of said pastes and hydrophobic zeolite particles 

to form a shape; 

(iii) drying said formed product and calcining it at 500 - 800 °C; 
(□) impregnating an aqueous solution of ammonium hydroxide or 
ammonium salts into said formed product; 
25 ( v ) calcining said impregnated formed product at 300 - 400 °C . 
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15. The method for manufacturing a catalyst according to claim 14, wherein said 
aqueous acid solution is at least one aqueous acid solution selected from the group 
consisting of nitric, acetic, and phosphoric acids. 

5 16. The method for manufacturing a catalyst according to claim 14, wherein an 
organic binder selected from polyvinyl alcohol and carboxymethyl cellulose is 
further added in the step of said ( i ) and ( ii ). 

10 
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ABSTRACT 



This invention relates to a catalyst for synthesis of dimethyl ether and its 
preparation methods. More specifically, this invention relates to a catalyst with 
5 improved formulation for a highly efficient synthesis of dimethyl ether via 
dehydration of methanol. These catalysts are composed of hydrophobic zeolites, 
cations selected from alkali metal, alkaline earth metal, or ammonium along with 
alumina, silica, or silica-alumina. The methods of manufacturing the catalyst of 
this invention include (a)combining hydrophobic zeolites and precursors of alkali or 

10 alkaline earth metal cations with pastes of inorganic binders (at least one selected 
from the group consisting of bohemites, silica sol, and clay) and calcining the 
mixture at high temperature; (b)combining particles, which are obtained by 
calcining the hydrophobic zeolites impregnated with precursors of alkali or alkaline 
earth metal cations, with pastes of inorganic binders (at least one selected from 

15 bohemites, silica sol, and clay) and calcining the mixture at high temperature; 
(c)combining hydrophobic zeolites with pastes of inorganic binders (at least one 
selected from the group consisting of bohemites, silica sol, and clay), calcining the 
mixture at high temperature, impregnating the calcined product with precursors of 
ammonium cations and calcining the mixture at high temperature. 

20 The catalysts of this invention provide significantly high yields of dimethyl 

ether because they do not result in the production of hydrocarbon side products and 
their high catalytic activities are maintained for a prolonged period of time. 
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^tifl^ofl^H s.nfl^ {Catalysts for the dimethyl ether synthesi 

and its preparation process} 
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<5> I«]r-g-^ 1] 

C0 2 + 3H 2 -» CH 3 0H + H 2 0 (1) 

<6> CO + 2H 2 -* CH3OH (2) 

<7> 2CH3OH -> CH3OCH3 + H 2 0 (3) 

<8> CO + H 2 0 -> C0 2 + H 2 (4) 

o> JL^ #-%-7]<$*\ nj^fr ^pfl $ tt^ity* f-MI A>-g-*M H 2 /C0/C0 2 ^7}>lj5L^ 

rH^«1|^ = * *flS§Rr «^^r *fl291, 93731, ^^"^ *fl5, 254,596s ^1 

S^r ZnO/Al 2 0 3 SL^r Cu0/Zn0/Al 2 0 3 ^-<>1 , iH^flS^ 41*B^o]H7> 

^R-€ *r «&3^ SJ^M^HHl *fl4,536, 4853, tt^^ *11 228, 7483. ] . 

<io> - *}*fl « 0 V^ ^ tiV-g-^ 2^1 M-Bf^ tf><4 ^o] ; pfl^^ ^^Al^ -^^Kr «J" 

<n> Hfl^l 2] 

2CH3OH -* CH3OCH3 + H 2 0 
<i2> ^.7] yV-g-A] 2^1 tcHE- tifl^ ^ojl o}^- r^p|l^o)]el]5.o| 250 ~ 450 

31^ #^^^r ^-^^^(^^jfls.^ *il 1984-1684531), -g^l-g^M x+(^*7flJ|-#| 
*)1 1984-4233331) Q^^S, 
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^Tfl €4. * ^^l^M] ^"MS, 3.*^' H-USY, H-ZSM-5, 

H-Beta afl-fraHBfe ^ aV^^- ^-fi-SH ^l^, ^ ^SK^dfc. ^-^>#* 

*H 7>^7> 0^5}, s^ofl ^4. 
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-§"§: ^^Hr^ 33^1 ^tfltb ^ ^pfl^oflEllH^ ^^£1- 3_ 

^ofl *m USY, S.tHq-o]E( Morden ite), ZSM^l, Beta f-^ ^1*^ 

#7] ^^o]eo| ^xv^-a- ^7^^ ^o]^., zie)ji a>o]c) 

Ji-f- 5^ *H^BHH£r Na+7> o^m^ Na ^ ^sKlMC^] : Na-ZSM-5, 

Na-Beta, Na-Mordenite ^)^- H + 7> o]^-h^ ^aMHH] : H-ZSM-5, H-Beta, 

H-Mordenite -§-)7> &t).. a&m-, ^^-^^ <g^l Na^ # 

7>^7l nfl^-ofl J?-&»* cH], ^*IMSr 

>fl^r^]H7> 7M^ ^ <£o]£r(H + H tfl-gH 20 ~ 90 ^3 ifl^lH <£ 0 -|£-<^ 
^llHHIs ^ SL-frtb *r flS* ^ 7 ] # ^g*) 3. 

NaH*g, MgH^ 2E^ NH^ ^#AiiL*) #43^ ^l7j# S 

t ^^31, #*fl ^l^-A]7l^ «Klc]5.Ai<q o>u]e}. r^^ofl^ #p}- 

*-§-7H ^Pfl^- A>-g--5>Jl7)- I" ^-f ^o] ^A^7)l 5)^31, IH^IM" :£^-*)]sL 
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^€ *l]^-&Mi= 7]§AS 1 : 0.1 - 50 ^3. f-^-sjfe ?A°) 

<25> oi^-ofl^ «}.<q. ^ tH^^e ^is-g- #*fl^ afl^^ 4^-4 ^-uj-. • 

aj-fr^lfe- Si0 2 /Al 2 0 3 ^ wl7> 20 ~ 200 USY, SL^M-olHCMordenite), ZSMTll, 

Beta ^o] S.^m ^ 9X^. 4^0}^ yjxy^o] A-fl 7 )» 3,^7) fl*H ^-ft-5)^r 

ws]^, ^eis^ 3? ^2.^ ^ ^a><^, 

* #pflfe s-ajofl 4^ s}-^, EHr ^^5- <S<8*H ^l-§-« 

^ $1^, ^^£r »^ #1?H S^W. 
27> ^ i£t§oj ^ OJg. S}^ ^^o]H^ #A>^ ^*fl AV-g-Sjc^ 

<£<>1^£| #fM] ^5} ^ 37}*] ^la^As. ^€ ^ 

28> ^- ^T^ofl 4^- t^^a^e ^lS-g- #^^1 ^ «1*8 *HS^£r, 

29> ( i ) ^]T.>olB«H] # ^-g-^* *S5M]S ^7>^}^ ^ol^E #4" ^l^Rr (ii) 

^-71 Ji^HH ^ol^H^l &.^<% *fl*SMH Pl^^5}, ^Sj^ S^r ^5]^^^ <g 
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om- -Aj-sHI-^ «*H #^*Hf £ (iii) # 7 1 A <^»* ^a*>31 500 ~ 800 

3i> ( i ) *H*i*WH4| ^ej^ Sfe ^o]^ ^51-1:* 

SS^aL £ 400 ~ 800 *11i#3 aL«« <3fe (ii) ^1^>°1H^ # 

=-^ojt^ ^>flS. ^7>^}^ seHoI^e #0.5. (iii) #7l *1^#^1 51^*11 

^j. ji^p-j-oiH ^]AE t ^ #^Kr ^ (iv) #7l ^s-fr ^s^ji 

500 ~ 800 "C^H di#*Kr 4^3 °1 S.^^- 
33> ( i ) ji^]p>olH^ # ^r-S-^# ^S^MlS. ^7>§H *M^B #.2.3. #I=£r 43; (ii) 

#7i iL*n*HH 5fl°i^i *n*«W3M tf# #*i*Hr 43; (m 

) #71 ^« £SS>JL 500 ~ 800 TC*IM ^*Hr 43'. (iv) #7l #*g#*fl #S.^<>1 

-A>s)-^^oj ^A^ife 43; « (v) #7] ^ #w* 300 ~ 400 r<HH 

^#*Hr 43 °1 3Efl-€^. 

£fe o^e] £ ^ol A>-g-^ ^*fl<9 ^la^^l n^5\3., #71 Afl ^S^^r ^l* 5 * 

35> ^-71^ #nfl ^1S^* ^*8*Kr3] *JM ^]4°]B^ sflol^B. #a.SL 

*H A>-g-$>7fl si^cfl, Bfloi^B # 3tb ^a^ls^fe *5h 6 Hm^>, <?!# 5£ 
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*H^l^i ^t.>o)E» AV-g-^ji, ^d>o]H A>-g-o.S. #*fl €"tJL^# *r & 

0.14, :g_a>fl 42} ifiL24^ l-e^m-iM- Sfe ^e^lil -fil-SiLi* ^7>s. ^7> 
A}-g-^- ^£ Sl^. «Ji3Ml|fe 2JQt>\o}E. A>-g-^ 7l^S. 0-30 ^% 

7> ^ SiJL, SLxr iL^M^ sW^B^r ^#^o]h SL^r iM^^r ^ <y=o]^^ 

<36> atb, 4* 3fe ^^Z) 

-& safe 

<37> °UHH ^tg^ «>«4 ^ #*fl *im 

:38> ^-71 #-g-7H ^Al^l t^g-, PlJ^ ^ ^Tr-g-^l St*H #*fl» 

•sHbt-ll , 100 ~ 350 °C -Eri^H ^ ^ 1;%^ 7}if 20 ~ 100 nrf/g-^wfl/min -fr^f 
*^^fe 3 oi^^lrf. ^-71 sj-^^. 7^ -#6^ ^ig-^ y>-g-7ls. * 

5) £.1^4. oH, ti>-g-^-£^ 150 ~ 350 °C^r ^-xl^tl), t&qJ «}^^£7} 150 °C *1 
tM^ ^-§-#£7> 350 S^>^ 1^^^ 

<«JM ^oj) *Bl*|.7l ^Mr^l ^Mfe Ml7} ^-§- 0 d-^^r 1 ~ 100 

^mfe^l, 100 2:3}"^ £##^1 g-afl^ Xfl^-Ofl ^^>^1 J^T*. 

5E^V, LHSVCLiquid hourly space velocity)^ *11^§- 7)&°.3, 0.05 ~ 100 h" 1 5] ^^HH 
^r-S-^r *WKr «>^W. « ^^Z7\ 0.05 IT 1 ^^-0]^ i£-g- 
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^al, 100 h" 1 -^ S^>^ #pfl^ ^#a]?J-o"| &o}7]7] ^^r#ol 
#0>*m ^7} ^7lS.fe 7]^ ^-§-7], -fi-^# #-§-7] lEfe # 

<39> ^7H1^ l£x$y$. Hfsq- ^1, ^ #^^A^ #AV^ ^ 7 | 7 -|. ^]#5}o]H 

« A>-§-^o.^ pj]^ ^«];-§-Al H^s^ ^E)^] ^Jl, 

<40> ^ tihg.^ ^Al^6)l ^T^H Aj-A^^ T^g-aq- B>, ^ li- 

ra o] ^S)^ ^Jo] 0>^rf. 



'41> 6(| 1 

: *2> H-ZSM-5(SiO 2 /Al 2 0 3 = 40) ^ °<M£r^ 30 S^Kr |-i}4Hf -§- 

^S^H * , 120 °ColH 12A]^T- £^}JL, 600 °C<*))*\ 6*}?} -fc^SH 

30Na-70H-ZSM-5# <# 7 }<>) NaH^ ^1*bJ-o]H^ t]]^ 1:1 ^^1^1 JsL^H 

2.5% ^S^-g-^ 1:0.8 7>-3-"h^ ^A]^ ^oliB -#7HH 

^3:^ NaH^ *H#eK|H v)^*}^ l"ir ^ ^^"S: 120 

°C<^H 12A1^> ^iS^, 600 IC^H 6*1 # db^^H 2)^-^-5- -y-M-Cextrudate) ^bJ]^ # 
*m ^S§>^rf. 600 °C*1H 6^1^: i>8*Kr ^o> ^ ^ M.^}*)^ ^p>-^ 

wpflTfl ^>7] 2.5 mm «hg-7H ^^>^rf. o] 

ofH 50 M/rain^ -fj-^JLS. 2 70 °C5L #-§-7l ^53^. ZLSj^l 
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#-§-7] #n 10 7l#, 270 3^H, v\]Q^ LHSV 25 h"^ ^^ZS. #7)2\ ^& 



<43> ^A]c^] 2 

<44> H-ZSM-5(Si0 2 /Al 2 0 3 = 40) ^eM^l ^ ^l^ 50 #%<^1 tSfl^Hr ^H-fH^ -g- 

*HS*H f-^m ^, afl^BHH^, ojofl tfl^H 1:1 ^*}$\ ^1p>o)h# £^ ^ 
2.5% ^^-g-^ 1:0.8 5)}o]^h ^%^V 

^, 120 °C*)H 12A]7V #azis}JL, 600 6*m i^§>^ gi^SLg. <y-#-i- ^Bfl^ 

-S-^-b ^-^ a loll M-BJ-^ 

:46> AJA]^] 3 

:47> H-Beta(Si0 2 /Al 2 0 3 = 25) *H^3HH*I1 ^o]^ 60 #%6f) ^^gHg- -§-<*] 

# *fl2:*H ^-^Al^l 120 °C°)1*| 12*1 # ^i^l-Ji, 500 °C«\)*\ 6*1 # dt^^H 
60K-40H-Beta* £534. #7l KH^ ^BM^l rfl^H in j^Hn* 2 . 5 % 

^^-§-^ 1:0.8 ^^1# 7>^H nisi ^ol^s Aj-ofl Aj- 7 ]6,lAi 

3 KH*| ^1-trel-olH ^ #^>JI ^, 120 "Coll 

^ 12*12; ^2i^}SL t 550 ^1*1 6*1 # 4i*JSM ^BflSl ^nfl^- 
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<49> 4 

<50> H-Mordenite(Si0 2 /Al 2 0 3 = 35) *l|*BMHej| ^ «g=o]^ 40 §fl^-s>^ ^^Jfl- 

# -g- d Jj(Ca 2+ : ^ <8=°]-£«fl tfl^H 20 -§-%)* *f|2:*H 3*1*1 4s ^bM^I, o] oJ| tfl 
*M 1:1 Ji^HH-I- ^ 2.5% ^*H=-g-«5j 1:0 8 -e^]^ aj^^ 7 j. 
«H *IH^H ^-tJIL ^F, 120 TC^^ 12A]^> ^S§>jdl, 550 °C*1H 6*1 # 

:52> 5 

:53 > H-ZSM-5 ^)l#H|-clS(Si02/Al203 = 40)41 ^ 20 sfl^ijRr ^M-J^- 

^ °<M^ 30 ^fMl *fl^-5>^ ^AVn>zLt)]^ -§-<3j(Mg2+: ^ ^l^l tfl^H 15 1"%) 

* ^ *fl^*M 120 °C«1H 12*1 # ^SSJ-jI, 550 t<*IM 12*1 # ^>Aj§H 
20Na-30Mg-50H-ZSM-5l- <2&i=h ^7] NaMgH^ »1*^o]h«^1 tf)^ 1:1.5 f^ti]^ 
°1S* 2.5% €^-§-^ 1:1.2 ^8=«1» 7>*H Pie) p>#c^ ¥ ^ ^o]^ Aj-ofl a> 

7H1^ NaMgH tg ^^OlE B}^^4 ^^O} ^ * *HWuI Ajfg^ 
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3s 120 12*\# 550 °C*\}*\ 12*1 # £\^<Lg. ^Efl£) # 

4-6- 5. 1<*JI 44^534. 

<55> 6 

-§-&S# 250 °CS. ^-£4. tilr-S-^^ tfo. a 16)1 uj.^ojq. 

:57> -gX) ofl 7 

LHSV» 30 h-l 3. S>&4. 2<H*I ^-g-^^Rf 4^§- S l°fl 44^£4. 

59> 8 

250 TC. LHSV-i- 30 h~l 3. *>5S4. ^r-g-^4^ 4^§- 3. H 44tfl£4. 

51>^A]^ 9 

52> H-ZSM-5(Si0 2 /Al 2 0 3 = 40) ^#4°!^ «H tflSH 1:1 f^s} ^)u}olE f 
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# 120 °C°1H 12X|# ^^J-JL, 550 °c*\}*\ 12X\& ^is}^. ojo^ 
## ZMf*H ( o]ofl tfl*H 6% ^AVgf.oj-s- ^-g-c_n 80 ^sg= %T g. ^ 120 o c6)1 
*\ 12A]# ^S^JI, 350 °C^A-1 2Al# ^nfll- ^s^rj-. 

<64> W]J57<^] J 

<65> H-ZSM-5(Si0 2 /Al 2 0 3 = 40) ^l^^o] H ^, o H ) tfl*H in #^w]o] ^^je^ 

* 2.5% ^A>^ojj 1:0 g ^^y]^ 7 >*H ^ol^S #o.iiL <y-# ^ 
^, 120 'C°)H i 2 X\# mtl5}3L, 600 "C*lH 6 Al^ ^f^|AS *gi=J)S} # 

67> W]ii7<m 2 

68> H-ZSM-5(Si0 2 /Al 2 0 3 = 40) ^eM^c-fl ^ ^o]^ i0 ^. %< q tsfltg-^ ^aj-uJ-e^. .g. 
OJ! * *»^*H t^Al?! ^, 120 t^H i 2 a]# #3,is}5l, 600 T^H 6^1 # d^*H 
10Na-90H-ZSM-5-l- <£&^. NaH fg ^^o]^ tfl*H 1:1 ^^}o]^m. 

2.5% 1:0.8 7>*H njB] ¥ ^ ^]o)iE Aj-ofl Aj- 7 ]6)]Ai 

NaH^ ^eMS § *>^>J1 oj-# 120 
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°C*1H i 2 X\£ ^^}JL, 600 *C«U^ 6 A]^ ^mLS. ^#1- *§e)]4 #nH# ^]^> 

534. 

<70> 3 

Na-ZSM-5(Si0 2 /Al 2 0 3 = 40) *il#eHS4, *H1 tf|«H 1:1 f^§=«14 ^]p>o]h# 
* 2.5% iHK-g-^ 1:0.8 ^«]4 3^*] # ^ 7>8H sflol^H <£#:a oj. # ^ 

^ ^, 120 °C*1H 12^^ ^[2:*>J1, 600 M-*) 6A]# i^^M 3)^2] o.s *§t$\°) 

-§-2*fe 43- a l°fl 44^534. 

73> 43" S. 1-8: #7] ^A]ofl 1 - g g Hljac^] i ~ 30^ aj]^ z^o) ^nfl^ A>-g.^-j7 

°14. 
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IS. 1] 







(#%) 


<*r& (%) 




«^ 


■£} XI oJl 1 


wa tl wM o 


Na (30) 


88.5 


• 0.0 




Na - n— ZbM-5 


Na (50) 


87.9 


0.0 


A l °fl 3 


K-H-Beta 


K (60) 


75.3 


0.0 


-*UH 4 


Ca-H-Mor den i t e 


Ca (20) 


78.1 


0.0 


-a*H 5 


Na-Mg-H-ZSM-5 


Na (20), Mg (15) 


88.4 


0.0 


42 *H 6 


Na-H-ZSM-5 


Na (30) 


89.2 


0.0 


-an 7 


Na-H-ZSM-5 


Na (30) 


83.7 


0.0 


-i^Hi 8 


Na-H-ZSM-5 


Na (30) 


81.7 


0.0 


-M^Hl 9 


NH4-H-ZSM-5 


NH4 (60) 


88.2 


0.0 




H-ZSM-5 




22.0 


78.0 


wluaefl 2 


Na-H-ZSM-5 


Na (10) 


41.3 


58.7 


ul 5lofl 3 


Na-ZSM-5 


Na (100) 


27.0 


0.0 



-8-71 S. H M-Ef^l H><4 ^-o], Jg. ^6fl rtj-^. ^M. ^^.-g-oflA^ 

5=fe tfJLM ^*>*1 H-ZSM-5^- S.^|p>o]h^ 

«°1^> ^-SM^I W^7> 78% nfl-o ^ q-^uf. ^ 

^41 2)3 ^-f , ^^^0,1^5^ ^ 41 3%SL ^-^ 7 > 58 . 7% 
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<77> Na-ZSM-5^- JL^*WStbfr #^(wl57^ 3) o] 3 o. ; rq^^o)]^) a ^ 

€^fl*]-7l nfl-S-ofl afl^eHH 7>^1^ q-B|-^x] S£_cm4, w>«yc] ^ Ajtg^a. £^ iL*|] 

<78> %JL^) 1 

c?9> pj)^ ^ ^jjsA] CuO/ZnO/Cr 2 03/Al 2 03 (50/43/2/5 ^7]]^!)^ i^ofl ^ 

lofl infl^- 1:1 ^^>^^, CO (4%), C0 2 (22.3%), H 2 (73.7%)=. ^ 

^ ^7>i# QjeLsL A>-g-^^o.^, «>-§-^ £ 250"C, «V-g-^ 307)^, 71*)] 1500 
ml/gh r]p)1^6)]Efl2 ^ ^tg^ *3^t}. zl ^sf, -^^^ ^-g- ^s)*] 

«> $Kao| 2 

u> t^b^ ^ ^nfls.^ ^sq Cu0/Zn0/Cr 2 03/Al 2 0 3 (50/43/2/5 v] M ^ icfl 3 
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«1%^3*3. ^nil^oflBflesl ^#^1 uj-sj- ^>^A] 150 a] ##0)1 3 % 

^oi, ^ #^o]]a^ ^-j-sj-oijEofl ^e)^, o s v^sj^^ ^ <y. 

^fe r]^^o,]^]s§ nfl, £>o_ 
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1] 

(a) *)l*e)-°m; 

(b) < &^^-#, l^ajs^r ^ -y-a.^ ^o\]x\ ^o]^_; g 

1 IN &<>W, -8-71 4^ ^l^olH^- Si0 2 /Al 2 0 3 Hl7> 20 ~ 200 ^ ^ 



[^T 1 * 3] 

^#B^o]h^ ^ <£°l^(H + )°fl tfl^H 20 ~ 90 ^iS. 
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J006538 ° #3 2004/10/8 

[^T 1 * 4] 

«y=o]^o. S 71§^S 1 : 0.1 ~ 50 igfls 3^ 



5] 



6} 

( i ) iL^olJHoj] ^«»^ 3£S^]sL %7}*}*\ ^o]ah ^ ^^ } - 

( ii) #71 ^p>o] H ^ol^Hofl ^l^ojH p!^7>^, <£5£e)^ a ^ 

(iii) #7] <$i§&& &^}JL 500 ~ 800 V°\}*) &<$t!fc J^o] 
7] 
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50065380 2004/10/8 
WW 8] 

4 6 *J-ofl 9X*1*\, #7} ( i ) ^Wl^ia-i- i£i=. 7>3^H^ ^ 
9] 

[^^J- 10] 

&^}JL ^ 400 ~ 800 T^H i^^H ^1^^ ^fe ^j; 

( ii) Ji^MHofl # ^°J\-jr ^IsMlJL ^ol^E ^-og nj-r^ ^ . 

(iii) #7] *fl^ JH^g^ M]P>0] H 2flO}«# Jjt Oj. # 

( iv) #71 ^-i-t- ^IS^l-Jl 500 - 800 tJ*M d^Sfe -zj-^ol 
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^fe()065380 o^}: 2004/10/8 

HI 

*)1 10 #7] ^sMl^fe :g#, ^HlH^V ^ #6)]^ 1^ s ^ 2 ^ 

I^T^ 12] 

*fl 10 sa^H, #7l (ii) 5Efe (iii)^cfl ^^H^ 
13] 

i4] 

( i ) iL^HJH # ^-g-dj-g- 37}*H ^ol^ S .frog nj-rz- 3zj.^ ; 

( ii) #71 ^^p>o1h ^ol^eofl ^l-^sl-olHSl nl^^> # 

(iii) #7l &^}J1 500 ~ 800 T^H 4i#*H=- 

( iv) #71 #^#61) oj-^-.go^ ^aj,^ g 

(v) #7l f-^l #^#1- 300 ~ 400 'C^l^ ij-^ol 
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15] 

[^t 1 * 163 
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